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Abstract A full account for carbon dioxide (CO2) and other greenhouse gas balance is
presented for the Dutch forest and nature areas for 1990–2002 at a Tier 2.5 level. The paper
outlines how complex guidelines can be turned into a practical system, appropriate for a
small country, making use of the best knowledge and data available. The net total sink of
all processes of the forest and other nature terrains balance is very stable through time
around an average of 1.74 million tonnes of CO2 per year. The sink is to a large extent
determined by the growth of forest remaining forest, and the harvest taking place in there.
Newly added processes in this new National System are significant as well, but they
compensate each other. The sources from deforestation and nitrous oxide (N2O) emissions
(around 900 ktonne CO2) are for two thirds compensated by the sinks from afforestation,
dead wood, soil C changes due to land use changes, and trees outside the forest. The land
use changes between 1990 and 2000 showed that The Netherlands has an annual defor-
estation of 2504 ha (0.7% of the forest area) and an afforestation of 3124 ha. Deforestation
led in total over the 13 years of 1990–2002 to an emission of 11.2 million tonne CO2
compensated by only 1.9 million tonne CO2 due to afforestation.
Keywords UNFCCC  Carbon sequestration  Deforestation  Netherlands 
CO2FIX
1 Introduction
The Netherlands as a Party to the United Nations Framework Convention on Climate
Change (UNFCCC) has the obligation to design and operationalise a national system
(Article 5 of the UNFCCC) for the Land Use, Land-Use Change and Forestry sector
G. J. Nabuurs (&)  I. J. J. van den Wyngaert  W. Daamen  H. Kramer  P. Kuikman
Alterra, P. O. Box 47, 6700 Wageningen, Netherlands
e-mail: Gert-jan.nabuurs@wur.nl
123
Mitig Adapt Strateg Glob Change (2008) 13:267–282
DOI 10.1007/s11027-007-9110-9
(LULUCF). One of the elements of such a system is an inventory system for greenhouse
gases for the forest and nature land uses. Good Practice Guidance (GPG) for such an
inventory, monitoring, and reporting system was prepared by the Intergovernmental Panel
on Climate Change (IPCC 2003) and specifically deals with the forest sector as a single
sector. Recently this guidance was improved and merged with the agriculture guidance into
the IPCC 2006 Guidelines (IPCC 2006). Other types of nature (heath, wetlands, sand
dunes, etc) are dealt with in the Guidelines as either grasslands, wetlands or other lands.
Up to the 2002 reporting year, the Netherlands reported only few activities to the
UNFCCC under Category 5 (Spakman et al. 1997; Olivier et al. 2003; Klein Goldewijk
et al. 2004). These are the carbon (C) sinks from changes in forest biomass (Category 5A),
and the nitrous oxide (N2O) and methane (CH4) emissions from agricultural soils (Cate-
gory 5E). For the first category, only one average increment rate of forests was multiplied
with biomass expansion factors for deciduous and coniferous forests. It was clear that this
level of reporting would not suffice the new requirements in which countries are requested
to report as accurately as can reasonably be expected from them (Kuikman et al. 2004).
Here we describe the approaches, methods, data and results for the Dutch National
System for forest and nature areas. The main aim of the paper is to point at how the
complex guidelines can be turned into a practical system. This system should yield results
at an accuracy level that can reasonably be expected from a small forest country in which
forests are not a key category. How to do this, realising that for a small forest country some
of the problems are the same as for a big forest country, is the centre of attention here.
2 Approach used for the national System for forest and nature area
For the year 2000 The Netherlands reported a sink of 1.4 Mton carbon dioxide (CO2) for
category 5A (‘Changes in Forest and other Woody Biomass Stocks’) (Klein Goldewijk
et al. 2004). Out of the total national emissions reported for that year (169.3 Mton CO2),
the sink comprised 0.8%. This, nor the strong fluctuations between years, would justify it
to make the forest sector a Key Category.1 Therefore the forest sector was reported based
on IPCC defaults methods and data, whereby one nationally derived stem increment was
converted to whole tree biomass based on one IPCC biomass expansion factor.
However, a couple of reasons arose that require elaboration of the work for the forest
sector reporting:
• Requirements as described by the Marrakesh Accords to set up a National System;
• Additional reporting requirements for Kyoto lands starting as of 2008;
• Existence of a detailed and ongoing geo-referenced forest inventory system;
• Reviews of Category 5A from National Communications made by the UNFCCC
secretariat stating that many Parties report this category in a poor way and lack almost
all background material (UNFCCC 2004) (FCCC/SBSTA/2004/INF.7);
• The Netherlands has one of the more intensively managed biospheres in the world;
• The whole land use sector (incl. livestock) in the Netherlands comprises a significant
share of the total emissions with respectively 13%, 55% and 42% of total emissions of
CO2, N2O, and CH4;
1 Key category’s: A category that is prioritized within the national inventory system because its estimate
has a significant influence on a country’s total inventory of direct greenhouse gases in terms of the absolute
level of emissions, the trend in emissions, or both.
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• The obligation to report as accurately as can reasonably be expected from a country;
• The political sensitivity of this category in international negotiations.
These items together were reason for the Netherlands to decide to report the forest
carbon stock changes from now on2 at Tier 2.5 level. Tier 2.5 applies the same basic
approach as Tier 1 (stock change) but applies detailed emission factors and activity data
which are defined by country specific data for the most important land uses and activities.
Higher resolution activity data are typically used in Tier 2.5 to correspond with country-
defined coefficients for specific regions and specialised land use categories (IPCC 2003). In
comparison to a Tier 3 method, the current system mainly lacks a full dynamic and a full
geographically explicit approach. However on the most important pools (living biomass of
forest remaining forest), the approach is clearly a Tier 3.
The approach chosen follows the IPCC GPG. Namely a carbon stock change approach
based on inventory data subdivided to appropriate pools and land use types. The pools
distinguished are aboveground biomass, belowground biomass, dead wood, litter, and soil
organic carbon. For litter and soil organic carbon in ‘forest remaining forest’ and for
biomass in other nature terrains it is assumed that the stock does not change. Therefore no
sink is calculated, only the present stock.
In short the Dutch National System consists of land use maps combined with a wide
variety of databases. Some of these databases rely on ongoing monitoring, some are based
on former monitoring results or derived from literature (Fig. 1).
The basis is formed by the land use maps for 1990 and 2000. Out of these, the land use
change matrix is derived from a comparison of a gridded version of these maps (Kramer
and Knol 2007). For ‘Forest remaining Forest’ the land use is combined with the national
forest inventory database (MFV for 2000 and HOSP for 1990), whose stemvolume data are
converted to whole tree carbon through selection of allometric equations from a large
European equation and biomass database (see details in Sect. 3).
For ‘Other lands converted to Forest’ a rather simple calculation is carried out that
assesses the losses or gains of biomass per transition. For these areas that fall under a
transition a simple soil C balance is assessed. Additional sources of information are used
for other nature terrains, soil organic carbon, litter, non CO2 gases, and wood products.
3 Methods and data for area determination
3.1 Introduction
From Nabuurs et al. (2003) it appeared that several methods for forest area assessment for
the Netherlands had been applied in the past (Fig. 2), all yielding different results, with up
to 18% difference. Nevertheless, estimates seem to be converging around 360,000 ha. It
was concluded that the most accurate assessment is based on the topographical maps. The
approach was therefore to derive a land use and land use change matrix from topographical
maps of 1990 and 2000 (Kramer and Knol 2007). So, forest and nature area determination
according to approach 3 as described in Good Practice Guidance (IPCC 2003, p. 2.12), was
applied.
However, the 1990 map was available only as hard copy. Therefore, following proce-
dure was applied: digital scans of the 1990 maps were made, resulting in gridded maps
2 NIR 2005, covering up to the year of 2002.
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with a resolution of 2.5 · 2.5 m. These were aggregated to 25 · 25 m grids. The 2000
map was already available in 25 · 25 m grids. These maps were overlaid. However, both
of these maps held small methodological differences and colour differences used in the
hard copy maps. These were corrected for (Kramer and Knol 2007). Based on criteria,
definitions, and preferred land use classes, the final runs were made to derive and classify
the digital maps. It was important to be able to distinguish forest according to the national
forest definition, and therefore a sub class ‘Forest according to forest definition’3 was
defined (Table 1). In practice it meant that if a minimum of 8 cells of forest were con-
nected, then this was regarded as forest according to the definition.
Fig. 1 Set up of the Dutch National System for greenhouse gas reporting of forest and nature areas
3 Dutch forest definition: minimum of 0.5 ha, width of patch minimum 30 m, minimum height of trees 5 m,
crown cover minimum of 20%.
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4 Methods and data for forest biomass and dead wood stock changes
4.1 Carbon balance of living biomass in ‘Forest remaining forest’
4.1.1 Basic data
The basic approach follows the IPCC GPG for Land Use, Land Use Change and Forestry
where a stock change approach is suggested. The basic assumption is that the net flux can
be derived from converting the change in growing stock volume in the forest to carbon.
Either as basic data the stock at two points in time is known, or the stock at one point is


















LGN 2,3,4, 4 Bosstat/MFV 
Fig. 2 Estimates for forest area in The Netherlands based on various sources. ‘LGN’ are satellite derived
data, ‘CBS’ is the Dutch statistical bureau represented here by estimates based on two scales of maps. ‘4
bosstat’ is the area statistic for the fourth Dutch forest statistic carried out in 1983, and ‘MFV’ is the latest
forest map based on a polygon conversion of the 1:10,000 topographical maps. For the Dutch National
System (current report) a methodology comparable to the ‘MFV’ was used
Table 1 Land use classes as defined in the maps used for the Dutch National System (HGN maps) and the
equivalent land use class in Good Practice Guidance
HGN Basis HGN sub division GPG classes
Forest Forest according to forest definition Forest
Trees outside the forest Forest







Sand Bare coastal dune Other
Beach Other
Inland sand dune Other
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Calculations for the living biomass carbon balance are carried out at the plot level. The
Dutch National Forest Inventory has been used for this. This was available for two periods:
(a) 1988–1992, the so-called HOSP data, and (b) 2001–2002, the MFV data. HOSP plot
level data (2007 plots *400 plots per year) for growing stock volume, increment, age, tree
species, height, tree number and dead wood were used for the 1990 situation. Forward
calculation with these data was applied to the year 1999. MFV plot level data for growing
stock volume, increment, age, tree species, height, tree number and dead wood were used
from there on. In total 1440 plot recordings with forest cover were available for the years
2001 and 2002. MFV continued in 2004 as well with another 900 plots, with litter layer
thickness as well. MFV data were used as one set of data; i.e. the resulting carbon balance
is applied to the year 2000, 2001 and 2002.
4.1.2 Additional data
Harvesting levels were recorded in the HOSP inventory, so they were available by plot, but
to arrive at national totals, these field data are complemented with questionnaires to
owners, and industry. Therefore total harvesting levels as given in Table 2 were used.
The national level harvest was assigned to plots as thinnings based on criteria that plots
may meet. The criteria are: age > 110, or growing stock more than 300 m3 ha1. If a plot
meets these criteria, a thinning of 9% of the volume was carried out in the plot. No
clearcuts were carried out. This was done for several reasons: (1) clearcuts are hardly
carried out anymore in the Netherlands, (2) carrying out forward calculation with hypo-
thetical clearcuts with no information of regeneration type from the single inventory cycles
leads to highly uncertain forest development. Therefore it was decided to carry out the
forward calculations with thinnings only.
To convert stemwood volume to whole tree biomass, basic wood density values as given
in Nabuurs et al. (2005) were used. For the next conversion step to whole tree biomass, we
relied on the COST E21 database on biomass equations (Zianis et al. 2005). For validation
and choice of the equation we made use of the biomass database collected by Van Hees A. F.
M. (personal communication). So, the model does not dynamically calculate branch and root
growth, but calculates the volume of the stem in year t + 1, and then converts the growing
stock to whole tree biomass with the biomass expansion factors suitable to convert stocks.
Table 2 National level wood production data
Year Fellings
(1000 m3 year1)
Type of felling Reference






















1397 HOSP forest plus additional forest Daamen
2000
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4.1.3 Calculation method
To forward calculate standing volume at the plot level, the plot level data for specific year
were combined with Dutch growth and yield functions. The resulting net flux (NEP,
because it is assumed that all litter decomposes the same year) is derived from the tree
mass at time t and t + 1, the basic wood density and the carbon content of dry mass (50%).
For further details see Nabuurs et al. (2005).
DC(trees)plot ¼
MtreeðtÞ  Mtreeðt þ 1Þð Þ
Dt
 Ntrees  Fcarbon
with DC(trees)plot is the net C flux in living biomass per plot (kg C ha
1 years1); Mtree(t)
the total tree biomass at time t(kg DW); Ntrees the number of trees (ha
1); Fcarbon the carbon
content (kg C kg1 DW); Dt the time between t and t + 1 (year).
The net C flux to dead wood is the remainder of the input of dead wood due to mortality
minus the decay of dead wood. It is reasonable to believe that a net build up may exist,
because Dutch forestry is allowing dead wood to accumulate only since one decade. The
mortality rate was assumed to be a fixed fraction of the standing volume (0.4% year1).
MFV data provide a current stock of dead wood volume (both lying and standing) of 6.6%
of the living wood volume.
The decay of dead wood is determined by the total time needed to fully decompose
(Hees and Clerkx 1999). The wood density varies strongly during this decomposition, but
was assumed to be 50% of the basic wood density of the living trees.
DC(deadwood)plot ¼ OutC(deadwood)plot  InC(deadwood)plot
InC(deadwood)plot ¼ MtreeðtÞ  Ntrees  Fcarbon  Fmortality
OutC(deadwood)plot ¼ VDead STBPS þ VDead LTBPL
 
 WDDead  Fcarbon
where DC(deadwood)plot is the C change in dead wood per plot (kg C ha
1 year1); In-
C(deadwood)plot and OutC(deadwood)plot the input and loss per plot (kg C ha
1year1);
DC(trees)plot the net C flux per plot (kg C ha
1 year1); Mtree(t) the total tree biomass at
time t (kg DW); Ntrees the number of trees (ha
1); Fcarbon the carbon content (kg C kg
1
DW); Fmortality the mortality (year
1); VDead\_S,L the volume of standing resp. lying dead
wood; TBPS,L period for total decay of dead wood, standing and lying; WDDead the density
of dead wood.
To derive a national total, the representativity of each plot was used. These are given by the
inventory data.
4.2 Carbon balance of living biomass when land use changes
During land use changes large pulses of emissions can occur. Then afterwards, the total
carbon system and especially soils adapt to the new situation where there may be less or
more litter input to the soil then in the previous situation. The IPCC (2003) gives a default
period of 20 years for the soil to reach an equilibrium again with the litter input. However,
IPCC also notes that this is a relatively short period, but chosen because of its practicability.
Here we followed a static approach to quantify the carbon implications of land use
changes. Non-CO2 emissions related to deforestation are assumed negligible. The static
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approach implies that at the time of e.g. deforestation it is assumed that the total carbon
stock in living biomass is lost in the same year (on average 71 tonne C ha1). Always the
average carbon stock is used, as the sampling density of the national inventory was not
dense enough to assess the actual carbon stock of each deforested lot.
For afforestations it was assumed that half of the carbon uptake factor for the existing
forest applies, i.e. 1.4 Mg C ha1 year1. This was the only reasonable assumption as
specific data of each afforested lot were not available.
For soils it is assumed that the average carbon stock in the soil under the previous land
use type changes to the average carbon stock in the new land use in the same year (see
chapter 5, Kuikman et al. 2003). This is assumed to give the same result as following each
plot dynamically in time. Furthermore, the soils database was not geographically explicit
enough to accurately derive the soil carbon stock at the specific site where the land use
change took place.
4.3 CH4, N2O and other GHG’s balance in forest remaining forest
4.3.1 N2O
N2O emissions occur through a variety of nitrogen related processes in forest soils (Lindner
et al. 2004). They are further modified through N deposition, fertilization and other human
induced forest management acts. Table 3 gives an overview of some measurements. The
variety in N2O emissions is large, both in time and space.
Taking into account that approximately 40% of the Dutch forests consists of Scots pine,
10% spruce, 10% Douglas fir. 20% beech and the rest may resemble the mixed oak beech
forest of the Table 3 above, we come to an average N2O–N emission for the Dutch forests
of 0.229 kg N2O–N ha
1 year1. This totals an emission of 82584 kg N2O–N
4 year1 or
25.6 ktonne CO2 eq. Since this first estimate yields a very small number, and since
deliberate fertilization of forests is not occurring in The Netherlands, no further action to
refine this was taken.
4.3.2 CH4
It is widely believed that well aerated forest soils are sinks for atmospheric CH4 whereas
water saturated forest soils such as gley soils, riparian forest soils or forested bogs and fens
can also be significant sources of CH4 (IPCC 2003; Lindner et al. 2004). Although Lindner
et al. (2004) provide a European average sink of methane of 0.2 kg CH4 ha1 year1, the
Table 3 Compilation of
published N2O-emission rates
from soils of temperate forest
ecosystems, aggregated into





Spruce +0.1 to + 2.2
Douglas fir +0.1 to +0.7
Pine +0.01 to +0.4
Beech +0.4 to +7.8
Mixed oak- beech etc. +0.02 to +0.9
4 GWP of N2O = 310.
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uncertainty around this mean is too large to give an estimate for Dutch forest with any
certainty. Since this first estimate yields a very small number, and since hardly any Dutch
measurements are available for The Netherlands, no further action to refine this was taken.
4.3.3 Other GHG’s
Since forest fires are limited to approximately 200 ha year1 (UN-ECE/FAO 2000) in The
Netherlands annually, it was assumed that CO, NOx, and VOC emissions are negligible.
4.4 Biomass data for other nature terrains
Other nature terrains in The Netherlands consist mainly of trees outside the forest,
heathland, inland sand dunes, coastal dunes, swamp and peat areas. It is assumed that in all
of these terrains the living biomass carbon stock does not change. For heathland an average
carbon stock in living biomass of 8 tonne C ha1 is a good estimate (Diemont and Oude
Voshaar 1994). For swamp and peat areas we only assess the carbon stock in the soil
organic matter following Kuikman et al. (2003). For trees outside the forest, permanent
crops, vineyards, orchards etc we follow the previous National Inventory Reports (NIR)
where a change in stock was assumed to occur only if an area change occurs. We thus copy
the results of these NIR reports.
4.5 Wood products
For wood products it is assumed that they decompose in the same year as harvesting, i.e. no
net build up of carbon in wood products in use is assumed. Neither is import or export of
products taken into account. Since no international agreement has been reached on how to
report wood products, this is a political decision to report in this way. Previous studies
report a significant sink or source of wood products in the Netherlands (as a large importer)
depending on the accounting methodology of the import and export.
5 Methods and data for soil carbon stock changes
5.1 Forest remaining forest
A variety of sources was investigated. Kuikman et al. (2003) give a good overview of
available databases and come up with a geographically explicit soil C map for the Neth-
erlands overlain on the LGN3 land use map. In addition the soil analysis database of Van
den Burg (1999) was investigated. ICP litter and mineral soil data were used by Kuikman
et al. (2003) and were therefore already incorporated in their analysis.
We assume that carbon stocks of soil organic carbon in mineral soil and in litter do not
change over the time period analysed here, this is probably not the case as most forests are
rather young, and were planted on degraded sites. Insufficient data are available to change
this assumption into a reliable sink or source estimate. Therefore, for land uses that remain
the same we only give a stock assessment of soil organic carbon that is actually a copy of
Kuikman et al. (2003). For litter we applied the equations as given by Van den Burg (1999)
to the MFV plots, this yields an average litter stock of 37 tonne C ha1.
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For losses of carbon from drained peatlands, Kuikman et al. (2003) give a national total
of 4.8–7 million tonnes CO2 per year. However, they acknowledge that this is a rough
estimate only, where by far most of the emissions occur in peat soils in agricultural use.
Even the available estimates of peat area vary between 294,000 and 450,000 ha. These
differences are partly caused by methodological problems, but also by actual changes in
area of peat soils through time. Pleijter (2004) showed that in a case area, the area of peat
soils decreased by 47% between 1980 and 2003. Given these uncertainties, and the fact that
only 5.8%5 of the forests is situated on peat soils, we do not estimate the loss of carbon
from drained peatland soils.
5.2 Other land uses converted to and from forest
For soil C stock changes due to land use changes de Groot et al (2005) combined the land
use changes map as derived here (chapter 3) with the soil C map of Kuikman et al. (2003).
Results are given in Sect. 6.
6 Results for the forest sector carbon balance 1990–2002
6.1 Forest remaining forest
A visualization of sources and sinks (NBP) per MFV plot for 2000 is given in Fig. 3. A
large variation in space is clearly visible. This variation in space is also translated into a
strong variation between years per plot. Where a harvest takes place in 1 year, a regrowth
will occur the next year.
The results for ‘forest remaining forest’ show a very stable sink in the Dutch forest
(Fig. 5). The average sink from growth of live trees lies around 3.9 million tonnes CO2
with a standard deviation of only 65 ktonne. Harvesting fluctuates a bit more, but gives an
average emission of 2 million tonnes CO2 with a variation of 134 ktonne.
6.2 Land use changes
The land use change matrix with gross transitions between classes is given in Table 4 for
1990–2000. The calculations for the national system have been carried out with these gross
changes. The tables show that in The Netherlands land use changes are significant. In total
642,000 ha have changed land use between 1990 and 2000; which is 15% of the land! One
third of these changes are between cropland and grassland, whereby grassland loses in total
113,000 ha. However, also concerning forests, the changes are quite large: The Netherlands
deforests annually 2504 ha (0.7% year1), and afforests 3124 ha. Figure 4 gives a regional
example where these changes in land use take place.
By combining standing biomass estimates with deforested area, the emission as given in
Fig. 5 was derived. Deforestation in the Netherlands leads to an annual emission of 865 ktonne
CO2 year
1. Deforestation led in total over the 13 years of 1990–2002 to an emission of
11.2 million tonne CO2. The sink due to afforestation gradually increases as the area of
afforestation increases, and led in total over 1990–2002 to a sink of 1.9 million tonne CO2.
5 Kuikman et al. 2003 give 4.2% (p. 21) of 73% of the total forest: this equals 5.8% of the total forest.
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6.3 Soil C stock changes under land use changes
After a land use change, the soil carbon pool will gradually reach a new equilibrium with
the input of litter that accompanies that land use. This process may take decades to
centuries. Here we have assumed that we can sum these changes in soil C to the same year
as when the land use change takes place. Regarding the forest and other nature terrains
only, we derived an annual sink of 18.3 ktonne CO2 year
1 for the soil C changes. An
average N2O–N emission for the Dutch forests of 0.229 kg N2O–N ha
1 year1 was
derived from literature. This totals an emission of 82584 kg N2O–N
6 year1 or 25.6 ktonne
CO2 eq.
6.4 Other nature terrains and trees outside the forest
The results of the NIR 2004 was copied. However, the estimate for the stock assessment of
trees outside the forest might be different from the previous NIR reports, as the area
estimate differs now (22 kha now versus 10 kha). No new estimate was made, as the
uncertainty is too high, and as a stock assessment is not required. The previous NIR gave
an uptake of 209 ktonne CO2 per year.
6.5 Total balance
The net sink of the forest and other nature terrains balance is very stable around an average
of 1.74 million tonnes of CO2 per year with a yearly variation of 88 ktonne. The sink is to a
large extent determined by the growth of forest remaining forest, and the harvest taking
place in there. Newly added processes in this new National System are significant as well,
but they compensate each other. The sources from deforestation and N2O emissions
Fig. 3 Net flux (NBP) as assessed for each MFV data point for ‘Forest remaining Forest’ (blue = source due
to harvesting, red = sink). This 3D map is a visualization of the spatial distribution of sinks and sources. The
tallest blue bars represent an emission of some 7 tonne C ha1 year1 in stands that have recently been thinned
6 GWP of N2O=310.
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(around 900 ktonne CO2) are for two thirds compensated by the sinks from afforestation,
dead wood, soil C changes, and trees outside forest.
7 Discussion and conclusions
The current National System for forests is a significant expansion and improvement of the
previous reporting done by The Netherlands. Now, all main pools and processes are
followed for all forest and other nature terrains. Based on the new system a larger sink was
found: on average a sink of 1.74 milllion tonnes CO2 was assessed compared to on average
Fig. 4 Example area of the land use pattern in 1990 (top) and 2000 (bottom). Large settlement expansions
(circles) are visible as well as a scattered increase of cropland at the expense of grassland. The shown area
measures some 20 by 15 km
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1.4 in the old system. This is an average difference of 32%. This difference is rather small
because several of the processes that were added to the system compensate each other. The
sources from deforestation and N2O emissions (around 900 ktonne CO2) are for two thirds
compensated by the sinks from afforestation, dead wood, soil C changes, and trees outside
forest. How the C balance of this system will evolve in coming years is hard to say, and
will depend on many activities as harvesting levels, and land use changes.
From Table 5 it appears that most estimates for the Dutch forestry sector are rather close
to each other. With exception of the Janssens et al. paper, the highest estimate is 55%
higher than the lowest. Janssens et al. came up with a totally different number for the total
Dutch biosphere because of large sources they found for cropland and drained peatlands.
All other differences between the estimates of Table 5 can be explained from small
differences in pools included or methodological differences.
A further improvement in this system could be sought in application of CO2FIX and
CO2LAND. Namely by automating the application of a CO2FIX forest type on each MFV
Table 5 Comparison of estimates for the Dutch forestry sector C balance




New system 1.74 Current study
Old system (reporting to UNFCCC) 1.41 Klein Goldewijk et al. 2004
Reporting to UN-ECE 1.47 UN-ECE/FAO 2000
Static bookkeeping of forest 1.21 Nabuurs and Mohren 1993
Whole biosphere (cropland,
grassland, peat, forests)
23.8 Janssens et al. 2004

























LiveTrees(excl harvest-effect) ton CO2 eq. DeadWood ton CO2 eq. TotalHarvest ton CO2 eq.
Net total system carbon exchange ton CO2 eq. deforestation afforestation
Soil C changes due to LUC N2O from forest soils Trees outside forest, orchards etc.
Fig. 5 Temporal development of the components of the forest and other nature terrains carbon balance
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inventory plot, the living biomass could be dynamically simulated together with the litter,
dead wood, harvesting, and soil organic carbon dynamics. At present, for three out of four
of these pools it was (still) assumed that the pool does not change. In an automated
dynamic system these pools could be improved significantly, although we realize that for
each MFV inventory plot, quite some additional data would be needed. Furthermore,
through a combined application of CO2FIX and CO2LAND, the land use changes (some of
them Kyoto Lands) which appear very significant in The Netherlands, could be followed in
a dynamic way as well.
It is clear however, from the present system that Annex I countries have too often
assumed that many carbon pools are neither a source nor a sink. This appears not to be true.
When land use changes are taken into account, as well as drainage of peatland, the whole
biosphere in an Annex I country often appears to be a net source. The ‘Australia’ clause in
the Kyoto Protocol may thus apply to many more countries than just Australia.
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